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1. INTRODUCTION

ISHEN anND SRIVASTAVAl:- have given

general methods of construction of asym-
meftrical factorial designs and Kishen? has dis-
cussed the method of construciing optimum
designs of the class g x 22. Some further opti-
mum designs of the class g X 2¢ and various
methods of constructing different types of asym-

metrical factorial designs which have since bee.

developed are briefly discussed in this article.

9  PFurTHER OPTIMUM DESIGNS OF THE CLASS
q X 22

It has been demonstrated by Rao* that for
g—13, a BIB design with » =13, b= 126,
k-—6, r=12, M=>5 exists. This design, as 1n
the case of the BIB designs associated with the
5% 27 -and 9 ~ 27 designs, can be split up in%o
two PBIB designs with parameters » = 13,
b—13, k=6, r=6. Consequently, writing X,
in the pattern of one of the PBIB designs In
13 blocks and filling the remaining 7 places in
each block with X,, and then writing X, in
the pattern of the other PBIB design in 13
blocks and filling the remaining places with X,,
we obtain an optimum Dbalanced design {or
13 X'22 in 26 blocks of 26 plots each. This
method was indicated by M. N. Das also, in
a paper presented at the Fourteenth Annual
Meeting of the Indian Society of Agricultural
Statistics. As in the case of the 5 X 2% and
9 X 22 designs in 10 blocks and 18 blocks res-
pectively, this design is non-resolvable.

It has been shown by Rao that for g = 23,
27 and 31, BIB designs with b = 23, 27 and 31,
and k=11, 13 and 15 exist. Consequently, for
the cases 23 X 22, 27 x 2¢ and 31 X 2%, optimum
designs in 46, 54 and 62 blocks of 46, 54 and 62
plots each respectively have been obtained. Rao
hag also. given solutions for BIB designs with
parameters v=12, b=22 k=6 r=11,
A= 5, and v =18, b....30 k = 8, r._*.15 AT
by use of which optimum demgns in -the cases
12 22 and 16 X 2° in 22 and 3¢ blocks of 24
and 32 plots each respectively have been con-
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3. Usk orF PSEUDO-FACTORS

Designs of the type 1 X s?, where Il=s" m
being any prime positive integer, in blocks of
is plots each can be constructed by taking the
first factor as equivalent to all combinations
of m pseudo-factors, each at s levels. By this
procedure, optimum balanced designs can be
constructed 1n a minimum of (i— 1) replica-
tions, or (I — 1) s blocks of ls plots each, each
replication being comprised of s blocks. Balanc-
ing 1s achieved on (I — 1) (s — 1) degrees of free-
dom for the interaction ABC. Thus, the 8§ x 22
design In 7 replications, or 14 blocks of 16 plots
each, is given by the 14 eguations

o

-

Xy + Xy + Xg 4 Ty X5
Xy + Xp -+ Xy + Xy
L1+ Xy + Xy + X;
Ly + Xy + Xy + Xy

Xy, + x4 4+ 2
Xes + Xy + X5
s + Iy + Iy

=

b

(1)

-~

o A e B R

ulk

T T (O O

= o
L

Tl

‘-..__,________T"_

where 2, x, and x, correspond to the three
pseudo-factors taken as equivalent to the first
factor A, and x; and x; correspond to the second,
and third factors B and C. Taking X, and X,
to denote, as before, the treatment combinations
bocy, byey and bye,, byc, respectively, the design
would be as under :
Taere I

8 X 22 Design in 18-plot blocks
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Slmilarly, the § X 3= design in 24 blocks of 27
plots each can be readily constructed, to which
reference has been made subseguently.

4. OprimuM DESIGNS OF THE Crass q v 3¢

For balanced designs of the type g x 3% in
blncks of 3q plots ench, in which the sets
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“Jod d 3, I, and L, J,, 3,7 where
T Jy. J. are the three sets of treatment combi-
nations corresponding to BC (J), are repeatcd
t,, t. and £, times respectively in each repli-

cation, 1t can be shown that the loss of informa-
tion on BC and ABC is given by

f’_!:! +_!:_32 + t:]E — L1t —t 13— tﬂfa

L (BC) - - (3)
and :

L (ABC) = %(Fﬂﬂ_'f‘i{;{:i'*' tat;) . (4)
where

tl+tﬂ+t3:q:

the total loss of information thus being 2, which
is the necessary condition for a balanced design
in this case. Now g can be of the form 3¢,
3t—1or 3t— 2, t being any positive integer.,
When q = 3¢, the optimum design is given by

tlz t, = ta,
L. (BC) being 0. (5)
When g=3t—1, the optimum design is

given by

t,=t, =t t;=1t -1,
L (BC) being 1/q= (6)

Finally, when q = 3t — 2, the optimum design is
obtained when t, == ¢, and

s =13 =1 — 1,

L (BC) being 1/qg-. (7)

A balanced design cannotl be optimum unless
each of the replications follows one of the three
patterns discussed apove.

The procedure of pseudo-factors aiscussed in
Section 3 gives optimum designs for the class
of ! x 3% designs in which each of the three sets
“Jop, Ty, Js,7 etc., oceurs 1/3 times in a replica-
tion and LL (BC) = 0. It would thus follow that
where resolvable BIB designs with parameters
v=1I k=1/3, b, , A exist, these would vyield
optimum balanced designs of the class 1 x 32
such BIB designs are known to exist for 1= 6,
9 and 12, which thus enables construction of
optimum 6 X 3~, 9 X 32, 12 x 3% designs in 18,
27 and 36 plot blocks respectively.

It would zalso be seen that where resolvable
BIB designs with parameters v —sp, k — p,
b, r, » exist, these enable construction of opti-
mum balanced designs of the class g x §2, where
q = sp.- In this manner, the designs 10 x 52,
12 x 42, 15 X 92, 21 X 7% and 28 X 72 in blocks
of 50, 48, 75, 147 and 196 plots respectively are
readily obtained.

5. METHOD OoF CUTTING

The method of cutting given by Kishen and

Srivastava® and also independently by M. N. Das

(unpublishedy is a useful device for obtaining
balanced asymmetrical factorial designs. How-
ever, 1t appears that for designs of the type
q ¥ 8-, where — Sp. p being any integer,
adopting a single cut, that is, cutting out in
all the blocks all the treatment combinations
which contain the last level of the factor A,
gives an optimum design. Thus, from 8 x 22
design given in Section 3, the optimum 7 x 22
design is obtained by omitting all the treatment
combinations involving «-, ie., the last row of
the design. This, in fact, is the design obtained
from the associated BIB design with v =b =17,
K=r=3, A\=1. However, when we have two
cuts, that is, we omit the row containing a,
also in this deszign, the resulting 6 x 22 design
1s no longer an opiimum design, the loss of
intformstion on BC in this design being 1/21
when it should have been zero if it were cpti-
mum. With the adoption of three cuts, that is,
omitting the row containing a- also, we get a
balanced 5 X 22 design which again is not opti-
mum, the loss of information on BC being 3/35
when this loss in the case of an optimum design
is 1/256. All these designs involve 7 replications.

From the 3 design referred to in
Section 3, we can by one cut obtain the 8 X 32
desigh, which is optimum, the loss of informa-
tion on BC in this case being 1/64. However,
with two cuts, we obtain a balanced 7 x 32
design which, however, is not optimum, the loss
of mformation on BC being 1/28 instead of
1/49 if the design were optimum. With three
cuts, we get a balanced design for 6 x 3° in
which the loss of information on BC is 1/16,
mstead of zero in the case of an optimum design.
With a further cut, we obtain a 5 X 3% design
in which the loss of information on BC is 1/10
instead of 1/25 in the case of an optumum design.
All these designs have eight replications.

It would thus appear that in the case of
designs of the types g X 22, where q = 2 u, and
g X 32, where ¢ == 3 U, u being any positive inte-
ger, only a single cut results in an optimum
design and that further cuts yield only balanced
designs which increasingly deviate from the opti-
mum as the number of cuts zdopted increases.
The method of cuttingz is thus only useful in pro-
viding balanced designs where the corresponding
optimum designg do not exist. Two or more
cuts, therefore, never lead to optimum designs
for the construction of which other methods,
some of which have been indicated in the earlier
Sections, have to be adopted. It may, however,
be remarked that the optimum 5 X 2*¥ and
9 w 2¢ designs in 10 and 18 blocks of 10 and
18 plots each respectively, which are non-
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resolvable, can be obtained direct from the Kishen and Srivastava?® thus enables a large
optimum 6 X 22 and 10 X 22 designs by using class of practically useful partially balanced
a single cut. asymmetrical factorial designs to be constructed.

6. Use or PBIB DESICNS

In any asymmetrical factorial design, the use
of the associated BIB design usually results in In this case, the { X s treatment combinations
a large number of replications. It is, therefore, are divided into s sets corresponding to s —1
necessary to use the associated PBIB designs for degrees of freedom for the inieraction BC. Then
obtaining  partially balanced asymmetrical the problem of construction of optimum balanced
factorial designs which lead to a marked reduc- designs in blocks of gf plots reduces to that
tion in the number of replications required for ©of consiruction of optimum balanced designs
a completely balanced dezign. Thus, for for g x s2 mn blocks of gs plots, methods of
instance, the partially balanced 6 X 2*° design construction of which have already been dis-
obtained by doubling the 3 x 22 design, requires cussed. Thus. for the 3 X 4 X 2 design in blocks
only fthree replications instead of five replica- of 12 plots each, a balanced desigh is available,
tions required for the completely balanced opti- as in the case of the 23 X 2° design, in three
mum design. It is noticeable that in this parti- replications. If however, balance is desired on
ally balanced design, BC is unconfounded. each of ihe three degrees of freedom belonging
Similarly, partially balanced designs for g x 22, to the interaction BC, 9 replications would
where g = 4p (p = 2), in three replications are obviously be required.
obtainable from the completely balanced 4 x 2= —
design in three replications; and the partially 1. Kishen. K. and Srivastava, J. N., Curr. Sci., 1959,
balanced g X 32 design, where g =3p (p=22), 28, 98,

in {wo replications are derivable from the com- 2. — (Tlgngl_é) J ,}3] nd. Soz. Agric. Slat., 1960, 11
pletely balanced 3 X 32 design in two replica- g gichen K. (rre. Sei.. 1960. 29, 465.

tions. This technique, which has been given by 4. Rao, C. R., Sankiya, 1961, 23 A, 117.

7. DESIGNs OF THE TYPE g X 't X S, WHERE t— §™

THE INDUSTRIAL SPECTROSCOPE

IN the pavilion of the German Democratic all kinds o©of metals. The principal field of
Republic at the Second Indian Industries application for the Industrial Spectroscope is in
Fair being held from the 14th of November 1961 the small and medium-sized industrial and
until the 1st of January 1962 VEB Carl Zeiss research inspecidon laboratories, e.g, in metal
JENA is exhibiting amongst other products of and semi-finished produet stores, in annealing
their extensive production programme the and tempering plants, in scrap yards and scrap

Industrial Spectroscope which deserves special Treclaiming depots, foundry laboratories, metal-
mention. lurgical, metallographic and mining experi-

mental stations and similar inspeclion points
where the speedy recognition of the material
qguality is frequently of great economic import-
ence. The following technical data will indi-
cate 1ts optical performance : high dispersion
by two double-effective flint-glass prisms,
D= 0-9A/mm. at 5000 A ; the resolving power
AN Ar=17,000 at 5,000 A means that -3 A can
111l be discerned ; large aperture ratio of 1: 11:
lwo different magnifications : X 8 for low-power
viewing and X 22 for exacting observations :
direct wavelength determination to = 2A; the
coarse motion ensures a rapid survey of the
spectrum—precise setling with the aid of the
fine motion ; zochromatic photomelric evahig-
tion with a neutral wedge of high pitch, thus
no loss in light-intensity by polarising filters ;
convenient reading of wavelengths and extine-

The Industrial Spectroscope has been designed tion on frosted sereens; two attached spurk
in a way which permits its application in the stages within easy reach from the operator’s
various fields of industrial material testing, pri- place; rapid change of the counter-clectrudes :
marily for rapid spectrochemical analyses for self-contained rigid design.
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